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COMPARATIVE VISUAL PERFORMANCE WITH ANVIS AND AN/PVS~5A
NIGHT VISION COGGLES UNDER STARLIGHT CONDITIONS

INTRODUCTION

United States Alr Force (USAF) night flying missions are presently
receiving considerable attention for several reasons., First, it is known that
the concept of continuous combat i8 fundamental to Soviet doctrine., The
Soviets consistently train during nighttime, and their weapon systems are
equipped with sophisticated devices to enhance their night fighting capabili-
ties (1), Secondly, in some parts of the world (e.g., Europe), nighttime
conditions are present for almost three-quarters of each day during the
winter, Thirdly, if tactical air power is to correot the big imbalance that
exists bstween our grounu and armored forces, and those of the Soviet Union, it
cannot be limited to just a part-time role. Therefore, it 1s essential that
the USAF maintain an around-the-clock ~perattional capability with great
emphasis on night operations, )

The Ophthalmology Branch, of the USAF School of Aerospace Medicine, Brooks
Alr Force Base, Texas, has initiated a program to extensively study night
visual performance., The objectives are to develop a simple, rapid, and
accurate night vision screening device; establish norms for flying personnel;
evaluate training and enhancement techniques; determine the effects of various
drugs; and investigate image intensifying devices (i.e., night vision goggles
(NVG)). This program is the initial phase of the NVG investigation.

Provious studies (2, 3, 4, 5) of man/NVG visual function have produced a
wealth of information, but new questions have arisen because of the recent
advent of a IIl generation (GEN) NVG. This new device, dubbed Aviator's
Night Viston Imaging System (ANVIS) (Fig. 1), is reported (6, 7) to possess
improved performance capabilitles over the AN/PVS-SA (Il GEN) NVO (Pig, 2),
including the ability to adequately function at very low ambient lignt levels,
Unfortunately, much of the past research had been conducted under relatively
bright illumination levels that may no longer be appropriate for ANVIS night
missions. Therefore, the primary objective of this experiment is to measure
visual performance with NVG under starlight 1illumination (10-5 mL), which is
considered to be a minimal light level conducive to safe night operations (7,

The parameters chosen to quantify man/NVG visual performance were visual
aculty and stereopsis (depth perception). These two clinical measures wers
selected because they are sensitive psychophysical indicators of visual func~
tion and, unlike the more commonly used engineering specifications (Table 1),
are more easily related to by olinical and flight personnel,

To ensure realism, this experiment was conducted in an outdoor, fleld
environment 80 that the actual spectral {llumination of the night sky would be
obtained rather than using artificial 1ighting created in the laboratory. Both
AN/PVS~5A and ANVIS devices were tested under thesa conditions, to obtain
comparison performance levels. The reason for including the AN/PVS-5A NVG s
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Fignre 2. AN/PVS=5A (11 GEN) night vision goggles.
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TABLE 1. NOMINAL SPECIFICATION OF AN/PVS-SA AND ANVIS NVC.

HWGEN MGEN
(AN/PVS.SA) (ANVIS)
GAIN 10,000 25,000
RESOLUTION 24 lp/mm 36tlp/mm
1/NUMBER 734 1712
PHOTOCATHODE RESPONSE
43 um 15 mAMPS/WATT 100 mAMPS/WATT
L8um . 0 600 mAMPS/WAYT
MAG 1 111
FIELD OF VIEW 40 40
FOCUSRANGE 10" VOINFINITY 10" TO INFINITY
DIOPTER ADJUSTMENT +270-6 *¢270-6
INTERPUPILLARYDISTANCE  $%-72mm 92:72mm
OUTPUT(.S3 um) Smi 10mL
POWER 2.7v LITHIUM 30vLITHIUM(2)
(OR 28v.VOC)
LIFE 10HRS JOHRS
WEIGHT b T 16o2
MOUNTING HEAD STRAPS WITHSNAPS HELME T MOUNT
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that {t will probably remain in the USAF active inventory for many years
before the ANVIS completely transitions on line (8). Both types of NVG will
continue to be operaticnally used; theretore, differences in performance must
be understood. in addition, a subjectivs comparison of AN/PVS=-5A and ANVIS
performance was incorporated within the experimental paradigm,

DESCRIPTION

Night vislon goggles are the modern offspring of the infrarel (IR) rifle
and sighting scopes spawned by the milicary in World War I1I. Originally
intended for ground troops, they have been adapted by the U.S. Army for use by
helicopter pilots; and recently, the USAF {s studying their potential in
fixed=wing aircraft,

These biaocular electro~optival devices function by amplifying existing
light by means of two-image intensifier tubes., The ambient light ente-~ing
these tubes is focused by the objective lens onto a photocathode which {is
receptive to visible and near IR radiation. The differential sensitivity of
the AN/PVS=5A and ANVIS photocathodes is shown in Figure 3. It can be sesen
that the response of the AN/PVS-5A is about equal between 0.5 um (blue-green)
and 0,85 ym (IR), The ANVIS,on tha otrhsr hand, has a blue-green cutof? dut
oxtends a little more into the IR; of significance is its greatly enhanced
sensitivity in the red and near IR end of the spectrum.

Photons of light striking the photosathode cause a release of electrons
which, in turn, cause a cascading emission of multiple secondary electrons
within the adjacent microchannel plate. An eleotric field then guides theas

electrons to the phosphor scrsen and produces an amplifiled light image. The ;ﬁép
output of the phosphor screen is a relatively narrow band peaking at 0.53 um N
(Fig. 4). Thus, the image 13 green, and color discrimination of objects ia g¥§g
not possible, An automatic brightness control limits the maximum luminance of NN

the phosphor screen to =0.5 mL in the AN/PVS-5A NVG, and »1.0 mL in the ANVIS,
to pravent output surges and minimize light adaptation. A clamp voltage
mechanism is present to protect against excessively bright light sources
(e.g., flares, search lights, etc.). Finally, this amplified image Is made
upright by a fiberoptic invertor and viewod through the syeplece lens.

Although satisfactory for infantry use, the AN/PVS-5A was criticized by
alrcrew for its poor low-light level performance, frequent battery failurcs,
and heavy weight, But, the major problem with the AN/PVS=5A, as seen in Figure
2, vas (ts large faceplate which severely limited peripheral vision; did not
allow easy near-distance focus; and was not compatible with helmet-mounted
sighting systems, visors, or protective masks. 1In addition, flight spectacles
could not be worn concurrently so those aviators with significant astigmatism
were handicapped with reduced vision (9). This Lis bevcause the dioptric ‘
focusing mechanism of the NVG, which goes from +2 to -6 diopters to neutralize
spherical refractive errors, will not correct astigmatism errors. However,
many of these shortcomings have beaen overcome by the widespread adoption of
the faceplate modification (10, 11) (Fig. 5), which provides a "look under"
ocapability and {s compatible with flight spectacles.
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The helmet-nounted ANVIS, shcwn in Figure 1, is considered to possess many
electro-optica’ improvements cver thy AN/PVS~5A (Table 1, Figs. 3, 6).
In addition, the basic ANVIS design: 1) is ompatible with eyeglasses;
visors, and m.skse; 2) has a "look under™ capability that allows normal periph-
eral vision which car de used to wonitor the flight instruments; 3) has a
fail-safe battery system with warning light; and 4) weighs less and is coun-
terbalanced more easily. The aingle most {mportant technical feature is its
greater low-light level performance (i.e., sensitivity). The ANVIS tube
profoundly cutperforms the AN/PVS~5A tube because of the improved operational
efficiency in the red and IR region of the spectrum (Fig. 3). The end result
i3 much greater contrast when viswing objects illuminated by starlight, hence,
greater system resolution and longer detection ranges (Fig. 7).

The .addition of bluc—greon cockpit lighting to aircraft allows ANVIS users
many other advantages (7). The ANVIS tube i3 less sensitive i{n the blue-green
end of the spectrum shown in Figure 3. By adding a minus blue filter to the
optical system, this device becomes virtually blind to blue-green light. On
the other hand, the response of tha human eye is greatest at night in the
blue-green region (12) making cockpit fnstruments easy to read sven at very
low intensities, The cockpit and instrument panel can be easily seen by the
unaided eye lcoking under or around the NVG: while the ANVIS, unaffected by
internal glare and wind screen reflection, responda best to outside lighting
which in starlight is mostly red and IR (Fig. 8), Therefors, mixing ANVIS and
blue~green cockpit lighting achieves a great many advantages. It should be
mentioned, however, that the minus dlue filter modification is not compatible
with the symbology in some Head-up Displays (HUDS) (13).

METHODOLOGY

Ten subJects were selected and baseline visual acuity and stereopsis
(depth perception) measurements were obtained before experimentally testing
with the NVG, The baseline data was taken so that any correlative relationship
with NVC field performance could be ascertained. Visuul couity was tested
binocularly using standard Snellen letters projected at 20 ft. Stereopsis
was measured by testing with a Howard-Dolman apparatus set at 20 ft and
finding the mean linear displacement of 5 trials (14).

The equation: 2a4d
ne __;2. x 206,000

where: n = sec of arc of retinal disparity; 2a = interpupillary distance; b =
testing distance; and Ab = mean linear displacement, was used to convert the
data to angular displacement in seconds of arc. Subjects needing optical
correstion for distince vision were required to wear eyeglasses for all
testing during the experiment with one exception; subject 9 wore contact
lenses,

The field testa with the NVG were conducted at a remote location in the
South Texas Hill Country which provided absolute larkneas except for the
ambient sky lllumination. The experiments were conducted on 2 different
nights from 1900-2200 hrs., No moonlight was present. Both nights were
sintler with slightly overcast starlight conditiona,
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The AN/PVS-5A" and ANVIS NVG used for testing were in good operating con-
dition with recently installed power cells (2.7v lithium batteries) to ensure
optimun response. Before data collection began, each sudbject was instructed
{n the proper aligning and focusing techniques for botn NVG, The first test
was to measure the best binocular visual acuity for each subject with each of
the NVG. Binocular rather than separate monocular testing was choasen
because it reallstically represented actual field use., Measurements wore made
by appropriately positioning a Snellen eyechart, conaisting of black letters
on a white background, at 20 ft so that it was illuminated only by the ambient
starlight., Creat care was taken to ensure that no inadvertent artificial
lighting was present. Data were recorded in standard Snellen notation (e.g.,
20/100, 20/200) and later convarted to minimum visual angle resolvable (MAR).

Secondly, to fleld test stereopsis with the NVG, a modified Howard=-Dolman
protocol was devised using two military jeeps and walkie-talkie radio communi~
cation. The Jeeps were positioned in a structureluss field at a distance of
140 yd, Tais distance was chosen because it eff - .ively equated the visual
angle subtended by a jeep, after allowing for t! ‘soreased resolution of the
NVG, with that of a test Jowel in the standard lavoratory Howard-Dolman test.
Subjects were to indicate when the moving jeep, which had been initially
displaced, was aligned with the stationary jeep. The starting point of the
displaced jeep was randomized and care was oxerclsed to ensure that no cues
from interposition or motion parallax were present, The range of linear dis-
placement from two trials was obtained and used to caloulate the angle of
disparity (n) per the aforementioned equation. Range was used {n this mea-
surement because the subjects were required to signal when alignment was first
accomplished and they were not allowed to "overshoot" or bracket the reference
Jeep., Thus, a range of alignment error was obtained that compensated for the
relatively long length of the jeeps.

Finally, each subject was asked to view, alternately with each NVG, into a
valley from atop a hill of elavation 1500 ft and look at a scene that was
essentially a semi-paved road meandering through scrub grassland and small
trees (Fig. 9). The area viewed varied from 0.2-3.0 miles away from the
observers, and a jeep was positioned somewhere on or near the road under com-
plete blackout conditions. This jeep was randomly moved after each trial per
radio communication., The subjects were subsequently asked to choose, subjec-
tively, which NVG they would prefer for use in navigating through the valley
and detecting targets, A complete record of their responses and comments was
maintained,

*The AN/PVS-5A NVG used in our testing were slightly modified from normal to
increase thelr fleld-of-view. This modification, however, should have no
significant effect on the parameters measured herein,
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RESULTS

The subject {nformation and baseline olinical data are shown in Table 2,
The subjects ranged in age from 24 to 61; there were 7 males and 3 females; 6
of the sudbjects wore a visual correaction; all had 20/25 binooular visual
acuity or better ( 1.25 minimum angle resolvable); and possessed a rolatively
normal range of stereopsis on the Howard-Dolman apparatus, except for one
subject. Subject 9 was not used for stereoscoplc testing because she had a
small angle strabismus.

The experimental visual acuity data obtained from field testing of the
AN/PVS~5A (I GEN) and ANVIS (III GEN) NVG under the desired atarlight condi-
tions are shown in Table 3. The data are specified as a Snellen fraotion,
denoting best binocular visual acuity (BVA) and minimum visual angle
resolvable (MAR), A plus sign indicated that one letter in the next smaller

line oould be read; a minus sign indicated that one letter of the specified
line was missed.

As can be seen in Figure 10, 9 out of 10 subjects could see better with
the ANV1S NVG, although the amount of difference was variable, The mean BVA
values of the 10 subjeots were 20/124 & 53.8 for the AN/PVS~SA and 20/86 % 19
for the ANVIS., In terms Of MAR, the mean values were 6.2 + 2,2 and 4,4 £ 1,0
in seconds of arc, respaestively. Statistical analysis (Wilcoxon Test)
revealed that the median difference was si{gnificant at the .01 level. Linear
regression comparing the NVQ BVA with the baseline BVA showed correlation
coefficients (r) of .56 and .21 for thie AN/PVS-5A and ANVIS, respectively

(Fig. 11). Neither of these values were statistically significant at the ,05
level,

The data from the field Howard-Dolman testing are shown in Table 4, Data
were obtained on only 6 of the 10 subjeots because of logistical problems and
time conatraints. The linear range of displacement of the 2 jeeps from 2
trlals is recorded in feet and then converted to angle of disparity {n) in
seconds of arc. As can be noted, the n values with the NVG are roughly
equivalent to the baseline n values. It must be remembered, however, that the
measurement method was changed Ln the experimental testing in order to oconpen-
sate for inherent differences from the baseline apparatus., Figure 12
fl1lustrates that 4 of the 6 subjects had a smaller n (i.e., better depth per~
ception with the ANVI3, and 2 subjects had a smaller n with the AN/PVS-5A).
The mean data revealed n(AN/PVS-S5A, II GEN) = 11.0 sec + 5.4 sec and n(ANVIS,
III GEN) = 7.4 sac ¢ 4.3 sec. The median difference was not statistically
significant at the .05 level (Wilcoxon Test}. In addition, the linear re-
gressions comparing the baseline n values to the experimental n values (Fig.
13) were r = ~0,9 and r = .33 for the AN/PVS-5A and ANVIS respectively. Thus,
no statistically significant correlation between these two parameters was
present (.05 level).

The results of the subjective comparison of a scene with each NVG are
shown in T=ble 5, Six out of 10 subjects preferred the AN/PVS-5A over ANVIS
for viewing the aforementioned scene in the valley. This {s quite surprising
and will be addressed in the Discussion.

11
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angle resolvable in terms of minutes of arc; r is the correlation

coafficient.
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Figure 12. Depth perception (stereopsis) in seconds of arc for each subject
with each of the NVG.
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Figure 13, Experimental test stersopsis as a function of baseline
steraopsis with night vision goggles. The stareoscopic

angle of disparity (n) is in seconds of arc; r is the ;;:.:.;3
correlation coefficient. i:'
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TABLE 2. BASELINE CLINICAL DATA

SUBJECT SEX AGE BVA® MARD SPECTACLESC (PDd H.De
1 M 36 20/10 030 NO s 79
2 F 31 20/18 07% YES 88 92
3 M 38 20/18 073 YES TV 1
4 ] 31 20720 100 YES 4 93
s ™ 34 2018 078 NO ¢4 101
¢ ("] 3 2010 030 NO ¢ 83
? ("] 61 2029 128 NO @ 86
(] ™ 4 2018 078 YES &% 17
) ] 28 20718 078 SYES 62 30
10 M 24 29/18 ON YES ¢S 36

* Subject No., 9 wore contact lenses.

4pgst binocular visual acuity.

Conversion to ainimum angle vesolvable.
SWhether visual correction (spectacles)

Was worm.

dinterpupillary distance.
®Mean error score in seconds of arc on the
Howard=Dolman depth perception apparatus,

TABLE ). EXPERIMFNTAL DATA SHOWING THE BINOCULAR VISUAL ACUITY (BVA),

MINIMUM ANCLE RESOLVABLE (MAR), AND LOG (MAR) OBTAINED FOR
EACH SUBJECT WITH THE AN/PVS-5A AND ANVIS NVC,

AN/PVS-5 (11 GEN)

ANVIS (111 GENj

SUBJECY BVA  MAR LOGMAR 8YA MAR LOGMAR
) 207100 S 70 20/100+ 47 87
2 20/100 8 70 20/70- )8 S8
3 20/200¢+ 878 94 207100+ 47 87
4 20/100+ 47 'Y} 20/70+ 33 82
) 20/70- 18 S8 20/100 8 70
¢ 20/70 38 54 20/30 28 40
7 20/200 10 10 207100 9 70
(] 20/100- 6.2% 80 20/70- 28 88
] 20/200+ 878 94 20/100- 6.2% 80
30 20/100- 6.2% 80 20/100¢ 47 67
X 207124 6.2 20/86 'Y

$.0. 838 22 190 10
SE. 170 0.7 69 03
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YABLE 4., EXPERIMENTAL DATA FROM THE MODIFIED HOWARD-DOLMAN TESTING
OF DEPTH PERCEPTION.

AN/PVS=~5A ANVIS
(11 GEN) (ITI GEN)

SUBJECT LINEAR" ® LINEAR "

0

80 199 17 42 SNin
€@ 23 24 83 A
82 128 3 76 i
3 (Y 28 .
'] 118 (7] 157 it
15 s 19 a8

S B b W N e
i

1 453 110 308 74 ;2~:'.:»
$D. 214 84 172 “ N
3 0 22 70 17 .

8The linear range of alignment in feet. e
bThe corresponding angle of disparity in seconds of arc. %

AN
TABLE 5. SUBJECTIVE PREFERENCE FOR Il GEN ;-{‘-?ﬁ
(AN/PVS=3A) OR LLI GEN (ANVIS). r'jd;
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DISCUSSION

As fully anticipated, the testing of man/NVG visual aculty revealed that,
under these experimental conditions, the ANVIS (III GEN) NVG gave better reaso-
lution than the AN/PVS~5A (II GEN) NVG. 1In terms of MAR, the ANVIS possessed
superior mean visual acuity by a factor of 1.4 (6.2 to 4,4 min, of arc). This
performance difference 1s statistically significant at the .0! level (Wilcoxon
Test). From the clinical point of view, this difference represents a greater
than one-1ine improvement on the Snellen eyechart which is clinically signifi~
cant as well,

In essence, the data show that man/NVG visual acuity i{s 20/100~ with the
AN/PYS=5A and 20780~ with the ANVIS at this low ambient light level
(10"% mL). It is well known that normal photopic (daylight) vision s 20/20
or better; and scotopic visual aculty under starlight conditions is 20/400 or
worse (12). This means that the NVG greatly increase visual acuity over normal
scotopio levels but they do not, under theso experimental conditions, improve
vision to normal daylight Jsvels. However, the NVG are extremely impressive
in their enhancement of night visual acuity.

No correlation was found 0 exist between the baseline BVA and field BVA
with the NVG. This most probably is a result of audbject variadility from lack
of experience in using NVG, It is certainly not illogical to assume that a
correlation would exist between standard clinical visual acuity and BVA with
NVG., It is recommended that the next phase of our NVG investigation involve
testing of experienced NVQG users to determine if this theory is correct.

A previous study (16) had shown that stereopsis was reduced with NVG,
purportedly because of the decreased resolution. Accordingly, this factor was
effectively neutralized by our aforementioned methodology: and, &d can be
noted in Tables 2 and 4, the field tost stereopais values were roughly similar
to the baseline values. Unfortunately, our comparative testing of
sterecacopic depth perception which used a field-improvised Howard-Dolman
modality was somewhat inconclusive, Performance was judged by the range of
disparity (n) in the alignment of 2 jeeps at a diatance of 140 yd. Although &
of the 6 subjects had smaller n values, hence more accurate alignments, with
the ANVIS than with the AN/PVS~5A, the differences in the mean valucs was not
statistioally significant. Logically, it could be assumed thut the ANVIS
would provide better stereopais than the AN/PVS-5A., As shown in Tables 1 and
3, the ANVIS has better resolution capabilities; and it has been shewn that
stereopsis and visual acuity are intimately related (17), The fact that no
significant difference was found may have been the result of several deficien-
cles in the experiment.

First, the sample size was limited: only 6 subjects were tested because of
schedul ing, weather, and loglstical problems, A larger sample size would have
been much more appropriate for statistical analysis. Socondly, the large
amount of intersubject variability was undoubtedly related to the lack of
experience in use of NVG by the subjects, Each photocathode tube (barrel) has
2 foousing knobs which means that each NVG must be adjusted U times to obtain
proper focus and binocular balance. Even though each subject was briefed

16

e e %
PR N

E .'rff"
"o s e,
2

e 2
P
P tata2"i e




before the experiment on proper adjustment of the NVG, it is quite conceivable
that a binocular imbalance from unequal foousing could easily occur. It ia
well known that a binocular imbalance has an extremsly detrimental effect on
stereopsis (18). Tnirdly, the fact that stareopsis was not actually bdbeing
used i{n the experimental paradigm has to be considered, Stereopsis is bellieved
to be relutively unimportant for judging the depth of objects over 200 m away
(12), With the reduced visual acuity inherent to the NVG this limiting
distance 1s located clcoser to the observer, which makes it near our teating
distance of 140 yd. Even though great care was taken to ensure otherwise,

the so-called monocular cues (e.g., image size, motion parallax, interposition,
relative brightness, etc.) wors possibly the predominant cues for judging
depth with the NVG. However, appreciation of depth by using only monocular
ocues should still be easier with the ANVI3 because of {to ilmproved resolution,
gain, and sensitivity. ‘Therefore, the fact that a statistical difference was
not found is probadly more an artifact of the other limitations of this ex-
perinent (i.e., too small of a sample size, and the subjects were not
experienced in NVG use). Also, these same limitations wers most plausibly

responaidble for the lack of correlation between the baseline stereopsis data
and the NVO field data.

The moat surprising result from this experiment was the subjective com-
parative testing. Tables 1, 3, and 4 solidly indicate that the ANVIS should
outperform the AN/PVS~5A. Yet, Table 5 showa that 6 out of 10 subjects
preferred the AN/PVS-5A device for viewing the scene previously described.
The reason unanimously given for thia seemingly paradoxical response was the
fact that a road meandering through the valley could not be seen with the
ANVIS NVG but could be seen with the AN/PVS-%A NVG. Al)l subjects agreed that
visual resolution was sherper and the images brighter with the ANVIS devices.
However, not being able to see the roadway in this situation would be ex-
tremely detrimental to reconnaissance and navigation, thus their responses.

The cause of this phenomenon was not easily aurmised; but after examining
the scene personally and looking at the speotral response ourves of the
AN/PVS~5A and ANVIS photocathode tudbes (Fig. 3), a plauaible explanation vas
found, The reason that the roadway could not dbe seen by the ANVIS device was
that the photocathode tube was equally sensitive to the road and its immedi-
ate asurrounding foliage. Thus, there was no contrast gradient between the
road and its surroundings to allow visual discrimination. This is undoubtedly
due to the enhanced response of the ANVIS in the red and IR end of the spec—
trum. The semipaved road surface was probably weakly reflecting starlight from
the night sky, which contained a great deal of red and IR wavelength (Fig., 8).
The ANVIS tube greatly intensifies this light so that & bdright output was
obtained which apparently blended {n with the output from the surrounding
terrain., The terrain and foliage were reflecting both mid- and long~visible
wavelengths that also elicited a bright respons> from the ANVIS tube. Accord-
ingly, there was no detsatable difference in contrast between the road and the

surrounding area; hence, the sudbjects were unable to discriminate the presance
of the road with the ANV1S,

17

....

f 2 .

Y ARS
P
tate

(A

PEEEED

-
.
L P 2 JF

..-,..
JSee i e
e,

wiedezef

"3
-

-
>

3 ._-._'.5




The AN/PVS-5A, on the other hand, could discriminate the roadway because
its photocathode tube is not as sensitive to the weak red and IR that the road
reflected, Hence, the radiation reflected from the road surface did not
eliocit a response from this tube 80 it was seen as essentially dark. But the
surrounding terrcin and foliage were dbrightly visible to the AN/PVS-~5A tube
because {ts peak sensitivity is in the midvisible wavelengths. Thus, the road
was visible as seen through the AN/PVS=5A NVG because of the contrast gradient
that existed between it and the surrounding area. In effect, you could deteot
the presence of the roadway because its photocathode tube was not sensitive to
the road, but was sensitive to the surround, Conversely, you conld not see
the roadway with the ANVIS NVG because its photocathode tube was equally sen~
sitive to the road and surroundings; hence, no contrast difference could be
discriminated.

Obviously, this problem with the ANVIS could be significant in navigation
and target detection using roads and highways as guides. Admittedly, it would
only ocour in unique situations of amblent illumination and terrain; bdut, its
potential impact on night missions deserves further investigation.

Finally, several comments from our subjects as to mechanical problems with
foousing knobs and loose tube c¢onnections were received. These will not be
discussed hore because the two NVG that were used in this experiment were
preproduction models that had been used very rigorously in the past,
Assurances were given by the manufacturers that actual production models will
incorporute several improvements to prevent these problems and inorease dura-
bility.

CONCLUSION
Under starlight illumination:

1) Binoocular Visual Acuity (BVA) with the AN/PVS=5A (1I GEN) and ANVIS
(III OEN) NVGC was 20/124 and 20/86, respectively. This represents a big im-
provement over normal scotopic levels but is not equivalent to daylight
standards,

2) Binocular visual acuity was statistically and clinically better with
ANVIS than with AN/PVS=5A,

3) There was large variability in the stereopsis data presumedly because
of subject inexperience. Stereopsis was slightiy wcrse with the AN/PVS-5A
thuin with the ANVIS; however, no statistically significant difference was
present.

§) Standard clinical measures of BVA and stereopsis showed no correlation
with field NVG performance measures of BVA and stereopsis.

%) Situations may exist in which ANVIS NVG wearers will not be able to

detect some terrain features that AN/PVS-5A NVC wearers would be able to
detect.
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